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Value of scintigraphy in chronic peritoneal dialysis patients. There has been a continued increase in the number
Background. A variety of factors can adversely impact of end-stage renal disease patients maintained on chronic
chronic peritoneal dialysis (CPD) as an effective renal replace- peritoneal dialysis (CPD). Many patients choose CPD
ment therapy for patients with end-stage renal disease. These as their preferred chronic dialysis treatment, but approxi-factors include peritonitis, poor clearances, loss of ultrafiltra-
mately 20% of patients “drop out” and transfer to hemo-tion, and a variety of anatomic problems, such as hernias,
dialysis annually [1]. Although peritonitis remains theperitoneal fluid leaks, loculations, and catheter-related prob-
lems caused by omental blockage. This study reviews our expe- major cause of transfer to hemodialysis, other factors such
rience with peritoneal scintigraphy for the evaluation of some as exit-site infections, catheter-related problems, hernias,
of these difficulties. loss of ultrafiltration, and poor clearances contribute to
Methods. From 1991 to 1996, 50 peritoneal scintigraphy CPD technique failure [1]. Considerable effort and re-scans were obtained in 48 CPD patients. Indications for scintig-
search has been directed at trying to determine, diagnose,raphy were evaluated, and the patients were placed into four
and treat these causes of technique failure in order togroups: group I, abdominal wall swelling; group II, inguinal or
permit the continuation of long-term therapy with CPD.genital swelling; group III, pleural fluid; and group IV, poor
drainage and/or poor ultrafiltration. A peritoneal scintigraphy Routine laboratory evaluation or physical examina-
protocol was established and the radiotracer isotope that was tion can detect some CPD-related complications. Other
used was 2.0 mCi of 99mtechnetium sulfur colloid placed in two patients require more sophisticated studies to evaluate
liters of 2.5% dextrose peritoneal dialysis solution.
their problems properly. Over the past several years, weResults. Ten scans were obtained to study abdominal wall
have developed experience with peritoneal scintigraphyswelling, with seven scans demonstrating leaks; six of these
to assess problems involving the peritoneal dialysis cavityepisodes improved with low-volume exchanges. Twenty scans
were obtained to evaluate inguinal or genital swelling, and 10 for CPD patients. This article relates our experience with
of these had scintigraphic evidence for an inguinal hernia leak this technique over a five-year period.
(9 of these were surgically corrected). One of four scans ob-
tained to evaluate a pleural fluid collection demonstrated a
peritoneal-pleural leak that corrected with a temporary discon- METHODS
tinuation of CPD. Sixteen scans were obtained to assess poor
New Haven CAPD is a freestanding peritoneal dialysisdrainage and/or ultrafiltration. Five of these scans demon-
center. The overall function and operation of the facilitystrated peritoneal location, and all of these patients required
have been previously described [2]. From 1991 to 1996,transfer to hemodialysis. The other 11 scans were normal; four
patients underwent omentectomies, allowing three patients to 50 peritoneal scintigraphy scans were done in 48 patients.
continue with CPD. During this time, we treated a mean of 204 patients with
Conclusion. Peritoneal scintigraphy is useful in the evalua- CPD per year. The scintigraphic studies were retrospec-
tion and assessment of CPD patients who develop anatomical tively reviewed for clinical indications, scintigraphicproblems (such as anterior abdominal, pleural-peritoneal, in-
findings, and the correlation with clinical outcome.guinal, and genital leaks) and problems with ultrafiltration and/
The clinical indications for peritoneal scintigraphyor drainage.
were grouped into four categories: group I, abdominal
wall swelling with a possible diagnosis of umbilical or
incisional hernia or pericatheter leak of peritoneal dial-Key words: abdominal wall, pleural fluid, ultrafiltration, omentum,
loculation. ysis solution; group II, inguinal or genital swelling; group
III, pleural fluid with a possible diagnosis of a pleuro-Received for publication July 29, 1998
peritoneal leak; group IV, poor catheter drainage orand in revised form October 14, 1998
Accepted for publication October 14, 1998 ultrafiltration defined by prolonged drainage times, in-
termittent problems with drainage, and/or impaired ul- 1999 by the International Society of Nephrology
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Fig. 1. Normal peritoneal scintigraphy scan. Instillation phase images. Free movement of dialysate infusate with radiotracer into paracolic,
subdiaphragmatic and pelvic gutters.
trafiltration not attributable to high peritoneal transport patients were asked to roll side to side while on the
imaging table to promote the intraperitoneal mixing ofcharacteristics as determined by the peritoneal equilibra-
the radiotracer. A second set of spot images in the ante-tion test that Twardowski et al standardized [3].
rior, posterior, lateral, and oblique projections (postam-Prior to the scintigraphic study, the abdominal cavity
bulatory images) was then acquired (Fig. 2B). The peri-was drained of all dialysis solution in the nuclear medi-
toneal cavity was drained, and a third set of postdraincine department. After complete drainage, the patient
images was obtained (Fig. 2C). A normal scan shouldwas placed supine under the gamma camera to allow a
demonstrate free flow of dialysate fluid throughout thefull view of the abdomen and the lung bases. A dual de-
peritoneal cavity outlining the intraperitoneal recesses,tector gamma camera (Trionix, Tweensberg, OH, USA)
absence of extraperitoneal dialysate tracking into thewas used to image the peritoneal cavity for computer acqui-
anterior abdominal wall, pericatheter, pleural cavity, in-sition images. The scintigraphic study was performed by
guinal, canal or genital area, and limited residual tracermixing 2.0 mCi of 99mtechnetium sulfur colloid in two
activity after fluid drainage. Scans were obtained in someliters of 2.5% dextrose peritoneal solution (Dianealt)
patients after 24 hours if the clinical suspicion was highand then rapidly infusing the dialysate. During the instil-
that a hernia or dialysate leak was present and if thelation phase, dynamic infusion images were obtained at
initial scan was considered normal.
one frame per minute for 15 minutes (Fig. 1). Immedi-
ately after the infusion was completed, postinfusion im-
RESULTSages (5 min per view) were obtained in the anterior,
posterior, lateral, and oblique projections (Fig. 2A). The Forty-eight patients had 50 peritoneal scintigraphy
scans between 1991 and 1996. Patients studied includedpatient then walked for 10 to 15 minutes. Nonambulatory
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Fig. 2. Normal postinfusion, ambulatory, and drain images. (A) Post-
infusion image showing the anterior abdomen with normal intraperito-
neal distribution of radiotracer. (B) Post-ambulatory image with an
anterior view that is similar to the post-infusion phase in normal cases.
(C) Post-drain image showing an anterior abdominal view with residual
activity in splenic fossa. The left paracolic and pelvic regions are signifi-
cantly less than the post-infusion images.
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27 males and 21 females with a mean 6 sd age of 60 6 with CPD. It is noteworthy that a 24-hour scan was not
obtained in this patient.15.3 years (range of 24 to 90 years). The patients had
been maintained on CPD for 23.8 6 29.8 months prior
Group IIto their scans with a range of 1 to 132 months.
Peritoneal scintigraphy demonstrated the presence of
an inguinal hernia leak in 10 scans in Group II patientsGroup I
(inguinal or genital swelling in 20 patients, 20 scans; Fig. 4In seven of the 10 scans in Group 1 (abdominal wall
and Table 2). Nine of these patients had successful repair
swelling in 8 patients), radiotracer was identified tracking of the inguinal hernia with resumption of peritoneal dial-
into the anterior abdominal wall (Table 1). An example ysis and resolution of the edema. The site of the hernia
of a scan demonstrating a leak of dialysate into the ante- was correctly identified in nine scans. In one of the nine
rior abdominal wall is shown in Figure 3. Six of these patients, a second clinically inapparent hernia was identi-
seven scans were treated successfully with low-volume fied by the scan in the opposite inguinal region and was
(1.0 liter) exchanges or temporary discontinuation of corrected at the time of surgery. The tenth patient ex-
peritoneal dialysis. One patient developed small bowel pired with a myocardial infarction prior to surgical repair
obstruction and was treated with temporary hemodialy- of the inguinal hernia detected on the scintigraphy scan.
sis. A new Tenckhoff catheter was subsequently placed, The 10 remaining scans were normal, with free flow
of dialysate fluid throughout the peritoneal cavity andand the patient successfully resumed CPD therapy.
the absence of fluid tracking into the inguinal canal andThree scans were normal, and the clinical diagnosis
genital area. The genital and inguinal edema resolvedof fluid overload causing anterior abdominal swelling
following aggressive ultrafiltration with hypertonic peri-was made. Hypertonic dialysis exchanges and increased
toneal dialysis solution in 8 of these 10 patients. In oneultrafiltration resulted in successful resolution of the
patient, the inguinal swelling persisted despite ultrafil-swelling in one patient. A second patient developed
tration. Surgical exploration was eventually performedPseudomonas peritonitis three days after the scan, thus
with the repair of a small hernia. The patient was then
requiring the removal of the Tenckhoff catheter and able to continue with CPD. The 10th patient chose to
transfer to hemodialysis. The third patient was treated discontinue peritoneal dialysis five days after the scan.
with hypertonic exchanges without improvement. Be-
Group IIIcause of persistent anterior wall edema, surgical explora-
tion was undertaken, which revealed a small ventral her- One scan revealed a pleural-peritoneal leak in Group
III patients (pleural fluid found in four patients, fournia. After hernia repair, the patient was able to continue
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Fig. 3. Anterior abdominal leak. (A) The postinfusion image demon-
strates normal intraperitoneal distribution of radiotracer. (B) The post-
ambulation images demonstrate extravasation of fluid and collection
in midline abdominal wall region. (C) A 24-hour delayed scan of left
anterior oblique projection. At 24 hours, the full extent of the leakage
can be appreciated in the anterior abdominal wall.
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who underwent omentectomies were able to continue
with CPD. The fourth patient who had an omentectomy
did not improve and was transferred to hemodialysis.
The fifth patient had a new Tenckhoff catheter placed.
A surgical decision was made not to perform an omentec-
tomy, and the patient successfully continued with CPD.
DISCUSSION
Many peritoneal dialysis patients suffer CPD tech-
nique failure and are forced to transfer to hemodialysis.
Identification of the problem that is causing technique
failure is important if CPD is to be a viable long-term
therapy. Peritonitis, catheter exit-site infections, and psy-
chosocial stress are frequent causes of CPD dropout [1].
Other problems that are sometimes more difficult to
evaluate and treat include membrane transport problems
(such as small surface area, rapid transport characteris-
tics, and high lymphatic flow) [4] and anatomical prob-
lems including leaks, hernias, omental obstruction, adhe-
sions, and loculated areas in the peritoneal cavity.
Imaging of the peritoneal cavity to identify and define
anatomic problems in CPD patients has been reported
with scintigraphy and computed tomography (CT) peri-
toneography. CT peritoneography has the capability to
Fig. 4. Inguinal scrotal hernia. The postinfusion images outline the define clearly the peritoneal cavity [5], but it does require
right inguino-scrotal fluid collection. There is also demonstration of a
the use of intraperitoneal contrast and, in most patients,left inguinal hernia.
the additional use of oral or intravenous contrast. Perito-
neal scintigraphy has the added advantage of determin-
ing if the free flow of fluid within the peritoneal cavity
scans). This patient was temporarily transferred to hemo- is present. We have established a peritoneal scintigraphy
dialysis. The effusion resolved, and the patient returned protocol and found this radiological evaluation useful
to CPD without recurrence of the pleural effusion. for the assessment of dialysate leaks, hernias, problems
The remaining three scans were normal. These three with drainage, and loss of ultrafiltration. This protocol
patients had evidence of volume overload, and the pleural involves the use of 2.0 mCi of 99mtechnetium sulfur colloid
effusion resolved following aggressive dialysis ultrafiltra- mixed with two liters of 2.5% CPD solution. Images are
tion. These patients successfully continued CPD therapy. obtained with a dual-detector gamma camera during the
infusion, dwell, postambulatory, and postdrain phases.
Group IV Infusion phase images are obtained every minute for 15
Five scans demonstrated loculated fluid collections minutes. Anterior, posterior, lateral, and oblique images
within the abdominal cavity of Group IV patients (poor are obtained after infusion, postambulation or move-
drainage/poor ultrafiltration in 16 patients, 16 scans; Fig. 5 ment, and following drainage of dialysis solution. In se-
and Table 3). These patients all had a prior history of lected patients, 24-hour postdrain images are obtained.
CPD-associated peritonitis. Manipulation of the dialysis We categorized patients into four groups based on
regimen did not improve the ultrafiltration and drainage their presenting signs and symptoms. The groups were
problems, and these patients were transferred to hemo- abdominal wall swelling, inguinal or genital swelling,
dialysis. pleural fluid and poor drain or ultrafiltration.
Eleven scans were normal. In this group with normal
Abdominal wall swellingscans, two patients had measured weekly urea kinetics
, 1.5/1.73 m2 and were transferred to hemodialysis. Four Reports of anterior abdominal wall pathology in CPD
patients had spontaneous resolution of the problem. The patients are numerous. Problems that have been de-
five remaining patients had intermittent episodes of in- scribed include leaks and ventral and incisional hernias
complete and prolonged drainage. Four of these five (in some cases incarcerated or strangulated hernias),
patients underwent omentectomy for possible intermit- with a reported incidence of 5 to 31% of CPD patients
[6–10]. Risk factors that may predispose patients to thesetent omental obstruction of the catheter. Three patients
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Fig. 5. Loculated fluid. The post-infusion image demonstrated loculated intraperitoneal fluid. The radiotracer is confined to the left paracolic and
pelvic area.
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complications include a history of previous abdominal Inguinal or genital swelling
surgery, an age of greater than 60, steroid use, obesity, Some patients on CPD may present with evidence of
early use of the dialysis catheter, trauma, and failure of inguinal and genital edema. There have been several
proper cuff placement [9]. Winchester and Kriger suggest reports in the literature commenting on the use of perito-
that the pericatheter leaks be treated by withholding neal scintigraphy in CPD patients to help diagnose ingui-
CPD for two to four weeks until the leak seals [9]. Tzama- nal leaks [6, 7]. Goh et al found that scintigraphy cor-
loukas et al reported that early leaks can be treated rectly identified 10 hernias in 10 suspect cases [8]. In our
successfully with temporary discontinuation of CPD [10]. series, we evaluated 20 patients with genital swelling. In
In our study, six of seven episodes of anterior abdominal those 20 patients in which an inguinal leak was suspected,
leaks were successfully managed by the use of low-volume 10 had scintigraphic evidence for an inguinal hernia, and
exchanges or the temporary discontinuation of CPD. 10 had normal studies. Of those patients with normal
Goh et al noted pericatheter and incisional swelling scans, 8 of 10 improved with aggressive ultrafiltration.
in nine patients [8]. Scintigraphy scan correctly identified One patient discontinued CPD several days after the
seven of nine leaks. There was one false negative and scan was obtained. The 10th patient had eventual surgical
one true negative scan in a patient whose swelling im- exploration for persistent inguinal swelling, and a small
proved with ultrafiltration. One of our patients with ante- hernia was noted. The scans were clearly useful in sepa-
rior abdominal swelling had a false negative scan, and rating those patients with a leak that required surgical
a hernia was noted at the time of surgery. This patient repair from those patients with normal scans, where in-
did not have a 24-hour scan, which we have subsequently creased ultrafiltration resolved the edema. One of the
found to be useful for the identification of slow anterior patients had the added benefit of surgical repair of a
abdominal dialysate leaks that are not visualized on the clinically unsuspected second hernia that was discovered
at time of peritoneal scintigraphy.initial scan.
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Pleural fluid fact underwent omentectomies, and three of them were
able to continue with CPD.Peritoneal-pleural leaks have also been reported. In
In conclusion, peritoneal scintigraphy is a useful toola recent editorial review by Ramon and Carrasco, the
to evaluate various problems that may present in CPDreported prevalence of hydrothorax in CPD patients was
patients. Scintigraphy is particularly helpful in identi-1.6 to 10.0% [11]. In our five-year review, we suspected
fying patients who present with inguinal or scrotal swell-pleural leaks in only four patients. A peritoneal-pleural
ing caused by hernia leaks and who would benefit fromleak was confirmed by scintigraphy in only one case.
surgical intervention. Scintigraphy may be of value in theThe pleural fluid in the other three cases resolved with
identification of those patients with pleural-peritonealaggressive ultrafiltration.
leaks and anterior abdominal wall leaks. Among patients
Poor drainage and/or poor ultrafiltration with poor dialysis effluent drainage and/or impaired ul-
trafiltration, the scintigraphic finding may help clarifyThe use of scintigraphy for the evaluation of poor
the etiology and direct intervention.dialysate effluent drainage or poor ultrafiltration has not
been previously reported. Anatomical etiologies for poor
Reprint requests to Dr. Fredric O. Finkelstein, New Haven CAPD,
drainage or ultrafiltration include blockage of the Tenck- Renal Research Institute, Department of Medicine, St. Raphael Hospital
and Yale University School of Medicine, 136 Sherman Avenue, Newhoff catheter by part of the omentum and peritoneal
Haven, Connecticut 06511, USA.adhesions that may cause loculated areas within the peri-
E-mail: pjuergensen@snet.net
toneal cavity and impair dialysate flow.
We report 16 patients with 16 scans that were obtained
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